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Abstract The Belgica cold-water coral banks on the
eastern slope of the Porcupine Seabight are closely
associated with bottom currents. In order to better
understand the local temporal and spatial characteris-
tics, as well as the palaeoclimatologic inﬂuences, a 26 m
long core, taken on a small contourite drift, was studied.
This sediment record of approximately 100 ka BP
reveals new insights into the regional glacial and sedi-
mentary processes, which are intrinsically linked to
several geological, climatological, biological and
hydrodynamic variables. The glacial sequences in the
core contain six ice-rafting events (IRE). They are
comparable with the North Atlantic Heinrich Events,
although their characteristics show dominant inﬂuences
from the proximal British–Irish Ice Sheet (BIIS). These
IRE have a low magnetic susceptibility and are depos-
ited during two or three ice-rafting pulses. The record of
ice-rafting suggests a millennial-scaled BIIS destabilisa-
tion and conﬁrms the start of a ﬁnal retreat about 25 ka
ago. Additionally, the glacial sequence corresponds to a
muddy contourite, inﬂuenced by bottom-current
strength variations during interstadials, possibly trig-
gered by sporadic reintroductions of Mediterranean
Outﬂow Water in a glacial North Atlantic Ocean. The
interglacial sequence features an 11-m thick deep-water
massive sand unit, probably deposited under a high-
energy bottom-current regime.
Keywords Contourite Æ Ice-rafting event Æ British–Irish
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Introduction
The north-eastern margin of the Porcupine Seabight is
characterised by the presence of numerous giant coral
banks (De Mol et al. 2002, 2005; Huvenne et al. 2002,
2005; Foubert et al. 2005; Wheeler et al., this volume)
and sediment drifts (Van Rooij et al. 2003) (Fig. 1). The
coral banks are prominent features on the margin and
cause deﬂection and acceleration of benthic currents
(Wheeler et al. 2005). Previous studies show that the local
morphologic and hydrographic characteristics of this
environment make this site attractive for cold-water
coral settlement and growth, implying that benthic cur-
rents are also intrinsic to the growth of the mounds (De
Mol et al. 2002; Huvenne et al. 2002; Wheeler et al., this
volume). The present shape of the seaﬂoor is derived
from several geological, biological, oceanographic and
climatologic events during the Late Cenozoic. De Mol
et al. (2002) and Van Rooij et al. (2003) attributed the
south-north alignment of these coral banks, as visible on
multibeam imagery (Beyer et al. 2003), to the presence of
eroded ridges of an acoustically transparent unit of
probable Miocene origin, on which juvenile coral settling
was favoured. One of the major goals of the EC FP5
ECOMOUND and GEOMOUND programmes was to
provide clues involving the nature of the relationship
between the coral banks and the surrounding hydrody-
namic environment.
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Various authors consider sediment drifts as ideal
targets for palaeoceanographic and palaeoclimatologic
studies (McCave et al. 1995; Rebesco and Stow 2001).
Van Rooij et al. (2003) also recognised a close rela-
tionship between the positions of the Belgica mounds
and the presence and shape of the surrounding sediment
drift bodies. A better understanding of the functioning
of these sediment drifts would also imply a better view
on their relationship with the coral banks. However,
within the Porcupine Seabight, very little is known about
the regional Quaternary palaeoceanography. This basin
is located in an ideal proximal position for the study of
the evolution and the variability of the Irish component
of the British–Irish Ice Sheet (BIIS). At present, avail-
able information is largely based on on-land work
research (Bowen et al. 2002) and from work in sur-
rounding basins (Scourse et al. 2000; Richter et al. 2001;
Auﬀret et al. 2002; Knutz et al. 2002).
In this paper, we will focus on one speciﬁc site (core
MD99-2327) in the Belgica mound province in order to
ﬁnd out (1) how the functioning of the BIIS was
recorded in the sedimentary record and (2) the nature,
characteristics and variability of the sediment drift body
dynamics.
Geological and hydrographic framework
The Porcupine Seabight can be considered as an
amphitheatre-shaped embayment in the NE Atlantic
margin (Fig. 1). It is enclosed by four shallow platforms,
consisting of metamorphic Precambrian and Palaeozoic
rocks: the Porcupine Bank on the western side, Slyne
Ridge in the north, the Irish Mainland Shelf in the east
and the terraced Goban Spur in the south. The only
opening towards the Porcupine Abyssal Plain lies
between the Porcupine Bank and Goban Spur to the
south-west. The underlying structure of the Porcupine
Basin is a Middle to Late Jurassic failed rift of the proto-
North Atlantic. During the Cenozoic post-rift period,
which is mainly characterised by thermal subsidence
with approximately 10 km of sediment has been depos-
ited in the centre of the basin (Moore and Shannon
1992; Shannon et al., this volume). Probably since the
Pliocene, cold-water corals started settling in three dif-
ferent sites in the Porcupine Seabight at intermediate
water depths between 500 and 1,000 m: the large Hov-
land mounds in the north (De Mol et al. 2002; Dorschel
et al. 2005, this volume; Ru¨ggeberg et al. 2005, this
volume), the buried and numerous Magellan mounds
further to the north-west (Huvenne et al., this volume)
and the Belgica mounds on the eastern part of the slope
(Fig. 1). More detailed information about the geological
aspect, internal structure and spatial distribution of the
mounds are discussed by De Mol et al. (2002). The
recent basin sedimentation is pelagic to hemipelagic,
although (probably reworked) foraminiferal sands can
be found on the upper slope of the eastern continental
margin (Rice et al. 1991). Within the three mound
provinces, evidence is found of bottom-current-con-
trolled sedimentation. However, the intensity of this
process is greater in the Belgica mound province than
with respect to the other two mound provinces (De Mol
et al. 2002; Huvenne et al. 2002; Van Rooij et al. 2003).
Numerous bedforms indicative of strong bottom cur-
rents and active sediment transport were observed on
side-scan sonar imagery. These include sediment waves,
gravel ridges, barchan dunes and seabed striations
(Wheeler et al. 2005, this volume). The main sediment
supply zone is probably located on the Irish and Celtic
shelves, while the input from within the Porcupine Bank
seems to be rather limited (Rice et al. 1991).
The present-day hydrographic setting, which has
been extensively reviewed by White (this volume), fea-
tures Eastern North Atlantic Water (ENAW) to a depth
of about 600 m where it overlies Mediterranean Outﬂow
Water (MOW). The ﬂow of ENAW seems to be partly
carried by the Shelf Edge Current, which ﬂows north-
wards long the NE Atlantic margin (Pingree and Le
Cann 1989; Huthnance 1995). The core of the MOW
within the Porcupine Seabight is characterised by a
salinity maximum between 800 and 1,100 m. At the
Belgica mound province, the water mass characteristics
are thus more readily inﬂuenced by MOW. This water























Fig. 1 Location map of the Porcupine Seabight with main
morphologic features and inset of the study area (Gebco contour
lines every 100 m). BMP Belgica Mound Province, HMP Hovland
Mound Province, MMP Magellan Mound Province
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mass is underlain at 1,700 m by the North East Atlantic
Deep Water and the Labrador Sea Water. At 1,900 m
depth, the inﬂuence of Norwegian Sea Water is detected
(Hargreaves 1984; Rice et al. 1991). Along the eastern
margin, which is aﬀected by a cyclonically ﬂowing
boundary current, currents are predicted to be strongest
at mid-slope (500–600 m). These bottom currents are
strongly steered by bottom topography. Mean ﬂows
from the predominant cyclonic circulation are in
between 2 and 5 cm s1, up to 10 cm s1 within the
Belgica mounds (White, this volume). Additionally, Rice
et al. (1990) have suggested the condition for reﬂecting
internal waves is met at a depth between 900 and
1,000 m. These resulting enhanced currents are also
inﬂuenced by a seasonal and diurnal periodicity (White,
this volume). Within the vicinity of the mounds, currents
are expected to be greater than 15 cm s1 although
maximum speeds of 70 cm s1 are recorded from the
summit of the Galway Mound, Belgica mound province
(Roberts et al. 2005) and Wheeler et al. (2005) infers
current speeds of up to 60 cm s1 in oﬀ-mound areas
within the province. This complex system of enhanced
currents has also been predicted by hydrodynamic
modelling (New et al. 2001).
Materials and methods
Acoustic imagery
The presented multibeam data (Fig. 2) were collected by
means of a 15.5 kHz Hydrosweep 2DS multibeam
echosounder, during the ANTXVII/4 cruise of the R/V
Polarstern (May–June 2000) and covers the entire
Belgica mound province (Beyer et al. 2003). The same
area was also surveyed with a dual frequency GeoA-
coustic (100 and 410 kHz) side-scan sonar in conjunc-
tion with a 3.5 kHz sub-bottom proﬁler on board RRS
Discovery in July and August 2000 (Wheeler et al. 2000,
2005). Side-scan sonar swath width was 600 m at
100 kHz and 200 m at 410 kHz. Acquired digital side-
scan sonar data was processed at the Southampton
Oceanographic Centre using the PRISM sonar software
system (Le Bas and Hu¨hnerbach 1999). The sub-bottom
proﬁler data was unprocessed and recorded on ther-
mographic paper.
The RCMG very high-resolution seismic proﬁles
were obtained during several campaigns of R/V Belgica
from 1997 to 2001. The seismic signal was created with a
SIG surface sparker source (500 J), resulting in a fre-
quency between 200 and 3,000 Hz. The standard vertical
resolution of this method is 0.5–1 m. The acoustic pen-
etration ranges from 400 to 800 ms two-way travel time.
The data of all surveys were digitally recorded on an
ELICS Delph 2-system with a sample rate of 4 kHz and
processed with Landmark PROMAX software on a
SUN workstation. As a general work ﬂow, the data
processing involved a Butterworth bandpass ﬁlter
(250 Hz with a 24 db/oct slope and 700 Hz with a
36 db/oct slope), minimum phase spiking deconvolu-
tion, automatic gain control using a mean of 250 ms and
a true amplitude recovery, where necessary.
Sedimentology
Two sedimentary cores have been studied, both lying on
the same location at 651 m below sea level (Fig. 2a).
mounds
mounded drift


















Fig. 2 a Multibeam bathymetry map illustrating the north-south
alignment of the coral banks, with indication of the very high-
resolution RCMG sparker seismic proﬁles (Figs. 4, 5), the RRS
Discovery 248 3.5 kHz sub-bottom proﬁler line (Fig. 3) and core
location. b Surface 3D map of the dashed area within (a),
illustrating the main morphological elements
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Calypso core MD99-2327 (26.25 m) was taken during
the IMAGES V cruise on board of R/VMarion Dufresne
in 1999. Additionally, boxcore BBC00-0606 (21 cm) was
taken during the Porcupine-Belgica 2000 campaign of
R/V Belgica in order to obtain the seabed surface sedi-
ment, which usually is missing using the Calypso core
technique (Skinner and McCave 2003). Whole core,
high-resolution sediment physical properties of MD99-
2327 were obtained using the Geotek MultiSensor Track
at a downcore resolution of 2 cm. These measurements
comprised GRAPE density (137Cs source) and magnetic
susceptibility (MS) (Bartington loop sensor MS2B).
Digital X-ray images were obtained from 1 cm thick core
slabs with the SCOPIX system (Migeon et al. 1999).
Major (Ca, Fe, Ti, K and Si) and minor (Mn and Sr)
element composition were obtained by non-destructive
XRF (X-ray ﬂuorescence) logging with the CORTEX
core scanner (Jansen et al. 1998). The XRF analysis will
only be discussed in terms of selected results of Ca, Fe
and Si. Two intervals (1,812–1,786 and 1,651–1,510 cm)
were not analysed, because it was not possible to create
the required smooth sediment surface. Results are pre-
sented as percentages of the total element counts.
Both cores were subject to subsampling for sedi-
mentological analyses. MD99-2327 was sampled every
10 cm (20–30 g), while BBC00-0606 was cut up in slabs
of 1 cm (25–30 g). These subsamples were dried on 60C
in order to calculate dry bulk density with Eqs. 1 and 2:
P ¼ 1 = ðððqw=qgÞ  ðð1 W Þ =W ÞÞ þ 1Þ ð1Þ
qd¼qg  ð1 PÞ ð2Þ
where P is the porosity, qw is the density of water
(1.024 g cm3), qg is a hypothetic grain density
(2.65 g cm3), qd is the dry bulk density of the sample
(g cm3) andW is the water content calculated from the
diﬀerence in total sample weight before and after drying.
All subsamples were subject to particle size analysis
using laser diﬀraction techniques with a Malvern Laser
Particle Sizer (MasterSizer 2000). Before analysis, each
subsample was dispersed in a 10% sodium polyphos-
phate solution made with distilled water and shaken for
24 h in order to achieve a perfect dispersion of all par-
ticles within the sample. The bulk particle size distribu-
tions were statistically analysed to produce mean, sorting
and skewness. The sortable silt index (mean 10–63 lm)
from mud-dominated sediments was also derived as a
proxy for bottom-current strength (McCave et al. 1995).
To provide a chronostratigraphic context, 5 g of the
sediment sample was wet sieved with distilled water for
all samples (3 g for the sandy part of core MD99-2327)
in order to separate the fraction coarser than 150 lm.
This fraction was dried again at 60C and weighed. The
weight percentage of the fraction >150 lm (F150) is
calculated with Eq. 3:
F150 ¼ ðWF150  100Þ=Wd ð3Þ
where WF150 is the weight of the fraction >150 lm (g)
and Wd is the weight of the dried sediment (g). The F150
was further split to approximately 500–1,000 grains and
counted for the abundance of planktonic foraminifers
and various types of lithic grains. The obtained results
are recalculated and presented as number of grains per
10 g of dry sediment.
Between 10 and 20 tests of Neogloboquadrina pachy-
derma s. (NPS) were picked from the size fraction
between 150 and 250 lm and were ultrasonically cleaned
for stable isotope measurements (d18O and d13C) at the
LSCE (Gif-sur-Yvette, France) in order to have a
chronostratigraphic framework. The analyses were per-
formed on a VG Optima mass spectrometer equipped
with an automatic carbonate acidiﬁcation device. The
isotopic values are reported as per mil deviation (&)
with respect to the international V-PDB standard. The
uncertainties on the isotope measurements are 0.08 and
0.05& respectively for oxygen and carbon. AMS 14C
dates (NPS) were also obtained for two intervals in core
MD99-2327. These analyses were also performed at the
LSCE and have been corrected for a mean reservoir age
of 400 years (Bard 1998).
Once a chronological framework has been estab-
lished, bulk sediment accumulation rates ARb in
g cm2 ka1 were calculated with Eq. 4:
ARb ¼ LSR  qd ð4Þ
where LSR is the linear sedimentation rate in cm ka1
and qd is the dry bulk density of the sample (g cm
3).
Morphologic and seismic stratigraphic framework
The morphology of the study area is characterised by
three approximately south-north elongated features
(Fig. 2a, b). In the east, 4–5 mound clusters are
observed, rising up to 100 m above the sea ﬂoor.
Downslope of this mound alignment, the mounds are
free from sediment cover (Figs. 2b, 3). In between
individual clusters, the mounds are ﬂanked by south-
west oriented gullies. More to the west, yet another
elongated mounded feature is observed with a relief of
approximately 50–60 m above the sea ﬂoor, being 6 km
length and 2 km width. The sub-bottom proﬁler record
only shows slightly mounded, sub-parallel strata. This
sediment body is limited at its eastern side by a (north-
south elongated) moat channel, which seems to be, on its
turn, ﬂanked by a buried coral bank (Figs. 2b, 3).
Although this buried mound is relatively local
(approximately 1.5 km diameter), this structure makes
part of a north-south elongated ﬂank. Figure 3 also re-
veals the presence of a seabed typiﬁed by rippled sands.
The regional seismic stratigraphic framework, previ-
ously discussed by Van Rooij et al. (2003), includes four
units (U1–U4), separated by three regional discontinu-
ities (RD1–RD3). All units prove to be inﬂuenced by
bottom-currents action either during or after deposition
(Figs. 4, 5). Buried sigmoidal deposits observed in the
Early to Middle Miocene Unit U3 already suggested the
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presence of vigorous bottom currents. This buried sedi-
ment drift is overlain with unit U2, clearly separated by a
Mid-Miocene RD2 discontinuity (Van Rooij et al. 2003).
Unit U2 is present on the entire upper slope and has an
acoustically transparent character, although some sets of
parallel high-amplitude reﬂectors are observed.
Although little lithological information is known about
this unit, the nature of the seismic facies suggests rela-
tively homogeneous sediments. The set of internal
reﬂectors could hint to possible post-depositional dia-
genesis or periods of non-deposition. Subsequently, a
signiﬁcant erosion event severely cut into these deposits.
This RD1 discontinuity, with a probable Late Pliocene
age (Van Rooij et al. 2003) left a very irregular terrace-
like palaeotopography. Deep incisions into unit U2 cre-
ated large south-north oriented ridges, which are evident
in the present-day topography. These ridges where col-
onised by framework-building corals at the initiation of
coral bank growth (De Mol et al. 2002).
The recent most unit (U1) is characterised by con-
tinuous, high-frequency reﬂectors with varying ampli-
tudes. In between the coral banks and the irregular
palaeotopography created by the RD1 erosion, one can
observe unit U1 has a mounded feature with a moderate
ENE progradation. The oldest deposits seem to downlap
towards the WSW and the ENE, which can be compared
with mounded conﬁned drifts as described by Carter and
McCave (1994) and Reed et al. (1987). These small
mounded drifts are shaped by the presence of the narrow
passage formed by the steep palaeotopography and the
mounds. Along these ﬂanks, currents are expected to be
intensiﬁed, thus preventing deposition at that location,
shifting it towards the middle of this trough. This implies
that the mounds should have reached a certain dimen-
sion that was signiﬁcant enough to inﬂuence the current
path. Furthermore, if this is true, the sediment drift
deposition could only have started at that time, which
invokes a period of non-sedimentation. Within this
period, there would have been a limited supply of ter-
rigenous material, but also enough nutrients and cur-
rents in order to stimulate mound growth.
The stratigraphy of the chosen coring site is presented
in Fig. 5. The mound is still partly rooted to unit U2 and
the extent of the RD1 erosion is nicely illustrated. The
lower strata of this small mounded drift contain various
small unconformities with evidence of very vigorous
currents during the ﬁrst stages of deposition (Van Rooij
et al. 2003). Towards the ﬂank of the mound, all strata
















3.5 kHz sub-bottom proﬁler
line over the coring site MD99-
2327 with inset of a 410-kHz
side-scan sonar image with sand
























Fig. 4 WSW-ENE-oriented RCMG sparker proﬁle P010521,
located within the Belgica mound province, 4 km south of the
coring site (Fig. 2a), illustrating the general seismic stratigraphic
and morphologic setting
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these channels could be ﬁlled up by turbidite deposits,
possibly fed by the gullies ﬂanking the mounds (Fig. 4).
Sedimentary characteristics
Lithology
The sedimentary characteristics of the small mounded
drift will be presented using two complementary data-
sets; boxcore BBC00-0606 (21 cm) and core MD99-2327
(2,625 cm), which for practical reasons are considered
here as one integrated sequence. The lithology of this
core site can be subdivided into three main units, in
which two diﬀerent lithofacies are dominant: a muddy
facies and a sandy facies (Figs. 6, 7).
Unit I only is present in the upper 10 cm of BBC00-
0606 and consists of a soupy, coarse foraminiferal sand.
Grain-size analysis shows moderately sorting with a high
sand content (up to 94%), which decreases towards the
base of this unit to 23%.
Unit II extends from 10 cm in BBC00-0606 and
down to 1,425 cm in MD99-2327 and is featured as a
homogeneous, olive grey silty clay with sulphide
strikes at some intervals. From 1,193 to 1,233 cm,
muddy ﬁne sand with occasional sulphide strikes and
mollusc fragments is observed. The base of this unit
(1,233–1,425 cm) is dominated by alternating layers of
olive grey silty clay and muddy ﬁne sand. The sedi-
ments are generally very poorly sorted, although
sorting increases towards its base (Fig. 7). X-ray
imagery reveals bioturbation (mottling, planolites,
chondrites, mycelia) throughout, varying from faint
structures to very heavy burrowing. Within the silty
clay matrix, at several intervals distinct dropstones of
several sizes are observed, as well as some subhori-
zontal layering (Fig. 8).
The transition between units II and III (1,500–
2,625 cm) coincides with a void interval, which occurred
due to core stretching during sampling with the Calypso
piston core. The sedimentary facies of unit III is similar
to the olive grey foraminiferal ﬁne to medium sand of
unit I, although with subtle variations. From 1,500 to
1,760 cm, two ﬁner poorly sorted layers with a silt per-
centage up to 80% are observed (Fig. 7). These layers
have sharp boundaries and are embedded in the typical
sandy sediments. Within the latter sediments occasional
shell fragments, lithic grains and dark minerals are
described. The sorting of this interval is varies between
very poorly to poorly sorted. From 1,760 cm onwards,
the sediment is more homogeneous and contains
medium olive sand with abundant foraminifera, occa-
sional shell fragments and lithic grains. Although the
sand is still poorly sorted, sorting is relatively better
compared to the other units (Fig. 7). Here, the degree of
bioturbation is diﬃcult to assess where coarse-grained
material is present within a ﬁne-grained matrix. The
lowest interval of the core, from 2,525 to 2,625 cm, is
represented by massive, dark greyish brown, muddy
sand with abundant shell fragments and is again very
poorly sorted (Fig. 7).
Stratigraphic framework
A tentative age model (yielding a sediment record of
approximately 100 ka BP) was constructed, predomi-
nantly based on the palaeontological and geochemical
characteristics of unit II. The grain-size composition and
distribution of this unit (Fig. 7) shows a rather low-en-
ergy environment with only reworking in the ﬁne-
grained sections, allowing this palaeoceanographic
interpretation. The characteristics of unit III on the

































Fig. 5 WSW-ENE-oriented RCMG sparker proﬁle P010517 through the coring site with interpretation of the site-speciﬁc stratigraphic
features
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a more careful interpretation. As a ﬁrst step, the
variations in the measured parameters (Fig. 6) were
linked to the main palaeoclimatologic events proposed
by Martinson et al. (1987). Secondly, a more detailed
stratigraphy was obtained in linking ‘‘local’’ ice-rafting
events (IRE) with the occurrence of Heinrich layers
(HL) on the Celtic margin (Auﬀret et al. 2002). Also two
AMS 14C dates were obtained for the upper part of the
core. All the obtained tie points are presented in Table 1.
Main palaeoclimatologic events
The upper 6 cm of boxcore BBC00-0606 contains a
foraminiferal assemblage characteristic of the Holocene.
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Fig. 6 Physical properties,
lithological content and
chronostratigraphy of core
MD99-2327 with: a relative
abundance the planktonic
foraminifera Neogloboquadrina
pachyderma s., b d18O stable
isotopes (& vs. PDB),
c luminosity (L*), d dry bulk
density (g cm3), e fraction
>150 lm (wt.%) and f the
magnetic susceptibility. The
local ice-rafting events are
indicated by the grey-shaded
areas
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However, no really clear indication is present for
attaining marine isotope stage 2 (MIS2) at the base of
the boxcore. On the other hand, the top of core MD99-
2327 does not display the light d18O values and low
percentages of NPS characteristic of the Holocene;
although a sharp decrease in NPS marks the transition
towards the Holocene optimum (Figs. 6, 9). In this level,
Mertens (2002) observed reworked coccoliths due to the
presence of higher benthic currents, started up at the
beginning of the Holocene. Therefore the boundary
between MIS1 and MIS2 is set at 50 cm. Subsequently,
MIS2 was located between 50 and 525 cm, also based on
NPS and further reﬁned by the presence of IRE (see
below). A general cooling trend in the d18O and NPS
starting from 1,000 cm downcore, suggests the transition
from MIS3 to MIS4 is located at 1,000 cm. MIS4
(1,000–1,170 cm) is characterised by a rather low
amount of the fraction >150 lm and rather higher
values of d18O and NPS, which might be evidence of the
build-up of an ice cap on the islands of Britain and
Ireland.
From 1,170 to 2,525 cm, the low values of d18O and
NPS are indicative of an interglacial period, most
probably MIS5 (Fig. 6). Given the interglacial charac-
teristics of this unit and its presumed high-energy envi-
ronment, the exceptionally high amount of the coarse
sand is diﬃcult to interpret in terms of ice-rafting, but
probably have a hydrodynamic origin, which will be
discussed in a following section. Below 2,525 cm d18O
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Fig. 7 Sedimentary parameters
of core MD99-2327; a mean
(lm), b sorting (lm) and
c skewness. Frequency
distribution curves are inserted
of d ice-rafting event (IRE1),
illustrating the presence of ice-
rafted debris on top of a
current-sorted background
sediment, e a peak current event
(PCE3) in the muddy contourite
and f the sandy contourite
section with a coarse current-
sorted mode and a subtle ﬁne-
grained tail. The six IRE are
indicated by the grey-shaded
areas. The range of the PCE has
also been indicated by arrowed
lines
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climate (Fig. 6). Therefore, we suggest the base of this
core might be dated at approximately 100 ka BP (at
about MIS5.3). Nevertheless, any age estimate of this
unit III should be considered with great caution. Espe-
cially the large scatter in the oxygen isotope records
could mean that (some of the) forams were reworked.
Ice-rafting events
Many studies within the NE Atlantic use the occurrence
of HL as tie points for a relative chronostratigraphy.
Especially within the Ruddiman belt, between 40 and
65N, all six HL commonly stand out in the record of
ice-rafted debris (fraction >150 lm) and allow
successful relative dating of the last glacial period
(Ruddiman 1977; Bond et al. 1992; Richter et al. 2001;
Auﬀret et al. 2002; Knutz et al. 2002). Closer towards
the European margins, the HL are intercalated between
a series of local IRE and less pronounced (Elliot et al.
1998; Knutz et al. 2002). Moreover, frequent observa-
tions are made of European ice-sheet sourced IRE,
which precede and post-date the well-known Heinrich
Events (Snoeckx et al. 1999; Scourse et al. 2000;
Grousset et al. 2001). Given the location of the area
under study in this paper (Fig. 1), the local ice-rafting
70 80 90 100 110 120 130
Depth (cm)
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Fig. 8 SCOPIX X-ray
visualisations of the six ice-
rafting events (IRE) intervals;
a IRE1, b IRE2, c IRE3,
d IRE4a, e IRE4b and 4c,
f IRE5 and g IRE6
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history will be inﬂuenced much more by ice-rafted debris
from a British/Irish source rather than a Laurentide one.
For this reason, the recognition and interpretation of the
IRE presented in this paper is not obvious and requires
an amendment to the ice-rafted debris deposition story
in comparison with the standard Heinrich Events chro-
nology.
Diagnostic parameters of an IRE Five main parameters
were used to identify IRE: foraminifers, d18O stable
isotopes, density (and radiographies), the nature of the
ice-rafted debris and the Ca content (XRF and reﬂec-
tance). However, one of the most diagnostic parameters
for the recognition of HL, the MS fails to identify the
IRE. Here, these ﬁve diagnostic characteristics are
respectively presented and discussed with respect to the
recognition of HL.
Regardless of the presence of a proximal ice sheet, the
reaction of planktonic foraminifers will remain the same
during any IRE. During cold periods, the abundance of
the entire assemblage will decrease, whereas the per-
centage of NPS will increase and the d18O isotope sig-
nature will show lighter values, suggesting meltwater
pulses (Bond et al. 1992; Elliot et al. 1998; Grousset et al.
2001). However, due to multiple meltwater events and
the frequent ice volume changes from the nearby BIIS,
the d18O isotope values should not be used unambigu-
ously.
Auﬀret et al. (1996), Chi and Mienert (1996) and
Moros et al. (2002) have shown a positive relationship
between the amount of ice-rafted debris in marine
sediments and the dry bulk density. This can be attrib-
uted to (1) lower porosities in these poorly sorted
deposits (Moros et al. 2002), (2) possibly to higher grain
densities and (3) diagenetic calcite precipitation (Kassens
and Sarnthein 1989; Auﬀret et al. 1996). Bond et al.
(1992) also recognised this correlation using X-ray
imagery, where they can be observed as dark, fairly
homogenous levels (Fig. 8). In the studied core, almost
all increases in dry bulk density were correlated with
higher percentages of NPS, except for IRE3. Therefore,
this parameter remains the main tool to detect HL and
to characterise IRE (Fig. 9).
In contrast with many other NE Atlantic studies, the
fraction >150 lm (F150) only (Fig. 9) does not allow
easy identiﬁcation of singular HL or equivalent IRE.
The amount of ice-rafted grains is fairly elevated
(between 5 and 10%) and highly ﬂuctuating. However,
combined with other diagnostic parameters, single IRE
can be recognised. Some of these (i.e. IRE3 and IRE4)
show a threefold structure (Fig. 9). Mineralogical anal-
yses of the ice-rafted grains indicate the presence of three
main lithic grain types; predominantly transparent
quartz grains, rock fragments and discrete feldspars.
These may have originated from Devonian and
Carboniferous (Silesian) sandstones from southern
Ireland (Holland 2001). The number of observed detrital
carbonates and red-stained quartz, which are marker for
LIS-sourced grains (Bond and Lotti 1995), was limited.
A similar composition of the ice-rafted fraction was also
described in cores located north of Ireland (Knutz et al.
2001).
Figure 9 shows an inverse relationship with NPS
percentages and XRF Ca measurements. The elevated
XRF Ca values in the interglacial MIS5 reﬂect enhanced
biogenic carbonate productivity coinciding with warmer
surface water temperatures (Fig. 10). In the glacial part
(above 1,200 cm), however, this relationship starts to
break down. The two uppermost Ca maxima (450 and
100 cm) coincide with maxima of NPS indicating surface
water cooling (Fig. 9). All this suggests elevated Ca
values in this part of the core implying a relatively higher
amount of detrital carbonate. A higher Ca content in
IRE might relate to a higher amount of terrigenous
detrital carbonate, coming from either from the LIS or
from outcrops of Palaeozoic carbonates in Ireland. As a
consequence, a higher amount of light-coloured grains
as quartz and detrital carbonate might show up as a
lighter facies within the luminosity record (Fig. 6). Since
the HL in the Ruddiman belt are characterised by darker
sediment colours (Grousset et al. 1993, 2001), the atyp-
ical XRF Ca and brighter luminosity records are sup-
porting the idea of dominantly locally derived ice-rafted
debris.
Traditionally, the most successful method to detect
HL is the use of MS. Only Laurentide material carries a
strong magnetic signal, explaining why HL3 and 6,
which were attributed a more Icelandic–Fennoscandic
origin, do not show up well in the MS record (Grousset
et al. 1993; Thouveny et al. 1994; Snoeckx et al. 1999).
Table 1 Tie points of the
tentative chronostratigraphic
framework of core MD99–2327
IRE ‘‘local’’ ice-rafting event,
HL Heinrich layer,MIS marine
isotope stage




Core event Data origin
0 10.00
50 12.00 25.00 MIS1/2 Martinson et al. (1987)
90 15.19±130 a 12.54 IRE1 AMS 14C (LSCE)
440 17.38±140 a 159.82 IRE2 AMS 14C (LSCE)
525 24.10 12.65 MIS2/3 Martinson et al. (1987)
600 26.60 30.00 IRE3 HL3 (Auﬀret et al. 2002)
730 34.20 17.11 IRE4 HL4 (Auﬀret et al. 2002)
900 45.50 15.04 IRE5 HL5 (Auﬀret et al. 2002)
1,000 58.96 7.43 MIS3/4 Martinson et al. (1987)
1,030 62.00 9.87 IRE6 HL6 (Auﬀret et al. 2002)
































12 24 59 74
M.I.S.
IRE1 IRE2 IRE3 IRE4 IRE5 IRE6
1 2 3 4
(e) Fraction > 150 µm (Wt %)
(d) Dry bulk density (g cm )-3
(c) XRF Ca (% of total XRF counts)




Fig. 9 Detail of the glacial part of core MD99-2327 (Fig. 6), with
special attention to the occurrence of the ice-rafting events (grey-
shaded areas), with a relative abundance the planktonic foraminifera
Neogloboquadrina pachyderma s., b d18O stable isotopes (& vs.
PDB), cCORTEXXRFCavalues (%of the total counts of Si,K,Ca,
Ti, Mn, Fe and Sr), d dry bulk density (g cm3) and e fraction
>150 lm (wt.%)
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The closer to the BIIS, the MS signal becomes more
attenuated, due to the growing inﬂuence of ice-rafted
debris derived from Irish Palaeozoic carbonate rocks
and chalk fragments (Scourse et al. 2000; Richter et al.
2001). The MS record of core MD99-2327 (Fig. 6) is
comparable with a core in the Feni drift, described in
Richter et al. (2001). The susceptibility signal is fairly
weak and only two events are recognised in the glacial
part of the core; a high plateau is present from 0 to
200 cm and a sharp peak is observed at 900 cm (Fig. 6).
The latter also stands out in the X-ray imagery (Fig. 8f).
IRE1 (70–140 cm) Figure 9 clearly shows a progres-
sive cooling pattern followed by a fast warming-up in
the NPS with culmination on 90 cm. Coeval, there is a
raise in Ca in the XRF record, as well in the density and
luminosity (Figs. 6, 9). There are two elevated IRD
levels within this event (90 and 130 cm). A general cooler
trend is also visible in d18O record. X-ray imagery shows
a higher density with several dropstones (Fig. 8a). An
AMS 14C date on 90 cm yields an age of
15.19±0.13 ka BP, which is consistent with the age of
HL1 (15±0.7 ka) of Elliot et al. (1998), the theory of
precursor events of Grousset et al. (2001) and land data
of McCabe et al. (1998).
IRE2 (420–480 cm) Neogloboquadrina pachyderma s.
shows a clear, gradual cooling record with abrupt cul-
mination at about 440 cm (Fig. 9). The XRF Ca record
shows a ‘‘plateau’’ of elevated values from 430 to
470 cm. Dry bulk density values show an inversed V-
shaped pattern with two small peaks, which can be
linked with maxima of F150 (Fig. 9). These two peaks are
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Fig. 10 Five point moving average of the CORTEX XRF Ca (a),
Fe (b) and Si (c) values in core MD99-2327 as an illustration of the
diﬀerences between glacial and interglacial conditions. These values
are displayed as the percentage of the total counts of Si, K, Ca, Ti,
Mn, Fe and Sr
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dropstones and remarkably less bioturbation (Fig. 8b).
Right after this event d18O, NPS but also some benthic
foraminifera indicate a warmer period (Fig. 9). The
main peak of IRE2 has been dated at 17.38±
0.14 ka BP, which is rather a young age compared to
HL2 (21 ka) of Auﬀret et al. (2002). On the other hand,
this timing of this event ﬁts perfectly with the BIIS
Drumlin readvance at about 17 ka (Richter et al. 2001;
Bowen et al. 2002) and the major meltwater discharge
and ice-sheet disintegration reported at 17.5 ka (McC-
abe et al. 1998; Knutz et al. 2002).
IRE3 (560–640 cm) Neogloboquadrina pachyderma s.
clearly shows a colder assemblage, although there is no
increase in XRF Ca (Fig. 9). The F150 record shows an
increase with one large pulse at 600 cm, preceded
(640 cm) and followed (570 cm) by a smaller one.
Density only shows a subtle peak, but the radiographies
clearly show the onset of ice-rafted deposition at 619 cm
(Fig. 8c). Despite the clear environmental change ob-
served in NPS, d18O and XRF Ca do not further dis-
criminate this event. Based on its characteristics, IRE3 is
tentatively correlated with the atypical HE3 (26.6 ka),
according to Auﬀret et al. (2002).
IRE4 (650–800 cm) The main pulse of IRE4 is found
on the Ca XRF and NPS record in between 700 and
800 cm, culminating at 730 cm in the luminosity record
(Figs. 6, 9). Bulk density data, however, suggests locat-
ing the end of IRE4 at 650 cm. There is a broad increase
of density in this depth range, featuring three single peak
events, which can be correlated with F150 maxima and
higher densities on the X-ray imagery (Figs. 8d, e, 9).
NPS does show colder assemblages over a very short
time, but this is not fully conﬁrmed by d18O. The pro-
posed equivalent age of IRE4 is 34.2 ka (Auﬀret et al.
2002).
IRE5 (830–930 cm) This IRE displays a very broad
NPS maximum, with only one large XRF Ca and
luminosity peak (Figs. 6, 9). This last one is not only
observed on the radiographies (Fig. 8f), but also on the
MS record (Fig. 6). The dry density record shows an
inconsistent pattern, although Fig. 8f clearly shows very
coarse ice-rafted sand in a ﬁner, but denser matrix.
Immediately after this event, 20 cm of very ﬁne layering
suggests rapid accumulation from turbid plumes due to
freshwater input (Auﬀret et al. 2002). The d18O record
does show a signiﬁcant cooling during this episode. The
main peak of IRE5 was tentatively correlated with HL5,
dated at 45.5 ka (Auﬀret et al. 2002).
IRE6 (980–1,070 cm) Several records as d18O and
NPS show a signiﬁcant cooling in this depth range
(Fig. 9). Although the XRF Ca level does not seem to be
that high, elevated values are observed on the luminosity
data. The density and IRD maxima are oﬀset with sev-
eral centimetres downcore (earlier in time) with respect
to the peak of cold events. X-ray data show faint, dark
banded patterns with sparse ice-rafted sand (Fig. 8g). A
tentative age for IRE6 is 62.00 ka (Auﬀret et al. 2002),




Ice-rafted deposits are obviously most dominant in the
unit. Particle size analysis show that this unit consists of
poorly sorted ﬁne-grained sediments with a signiﬁcantly
high percentage of silt (Fig. 7). Near the base of this
unit, however, the sand fraction increases. The mean
sortable silt proxy (Fig. 11), which can provide estimates
in bottom-current intensity (McCave et al. 1995), reveals
short-term variations. Since the inferred MIS4, ﬁve
intervals of peak currents (28–33 lm) and ﬁve intervals
of lower currents (22–26 lm) are observed. These peak
current events (PCE) are obviously more long lived
when compared to the variations in the fraction
>150 lm (Figs. 7, 11). Most of these PCE are accom-
panied by a sharp rise in the abundance of the benthic
foraminifer U. mediterannea (Fig. 11), which seems to
occur during warmer periods. Scho¨nfeld (2002) and
Scho¨nfeld and Zahn (2000) recognised this species
among others in the epibenthic group of foraminifers,
dwelling in an environment with elevated benthic cur-
rents within the core of MOW within the Gulf of Cadiz.
Most probably, a comparable environmental association
can be found on the slopes of the Porcupine Seabight.
In a way, these ﬁve peak current intervals seem to
interﬁnger with the six IRE. Although both processes
(PCE vs. IRE) cover the range of silt-sized particles, they
can be considered as acting independently from each
other. While IRE are culminating during cold events,
four of the ﬁve PCE are peaking during warm periods
(Fig. 11). Only the two most recent PCE are situated
closely to an IRE. In this case, current-sorted silt and
ice-rafted silt are interfered (Fig. 11).
Units I and III
Despite a considerable diﬀerence in thickness, both units
I and III have comparable lithologic and biogenic
characteristics. The XRF data of unit III shows noteable
diﬀerences with unit II; high levels of Ca, low levels of
Fe and signiﬁcant amounts of Si (Fig. 10). Considerable
short-term scatter for all three elements is certainly due
to grain-size variability rather than changes in chemical
composition. The sand percentage of this part of the
core runs up to 95%, containing predominantly quartz
grains and (reworked) foraminifera. These sediments are
relatively better sorted compared to the overlying units,
suggesting a signiﬁcant benthic current inﬂuence
(Fig. 7). In this unit, the sortable silt proxy cannot be
applied because of the very low silt content, which
probably has been winnowed by strong currents. An
alternative method to estimate the benthic current
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Fig. 11 Sedimentary processes and paleoceanographic interpreta-
tion of core MD99-2327 with a relative abundance the planktonic
foraminifera Neogloboquadrina pachyderma s., b fraction >150 lm
(wt.%), c mean sortable silt (lm) and d abundance of the benthic
foraminifer U. mediterranea (number per 10 g). Within parts b and
d, a zoom of the glacial detail is presented. The six ice-rafting events
are indicated by the grey-shaded areas. The range of the peak
current events has also been indicated by arrowed lines
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intensity can be provided by the mean of the 63–150-lm
fraction. This fraction encompasses the majority of the
sediment, but excludes grains larger than 150 lm.
Fluctuations in this parameter correspond well with
ﬂuctuations in skewness (Fig. 7). As such, increasing
currents might be indicated by a coarsening in skewness
as the ﬁner components are winnowed away. This trend
also corresponds with an increase in the degree of sort-
ing, although mostly a ﬁne tail remains present (Fig. 7f).
As such, several ﬂuctuations in current strength can be
observed in unit III, with peak currents within the
central part. As an exception on the general character-
istics of this unit, the two ﬁner-grained layers about
1,700 cm would be represented by small intervals of
more sluggish currents displaying almost glacial values.
Discussion
A record of BIIS variability
The sedimentary record of the glacial part of this core
provides a unique insight in the variability of the BIIS. It
carries a large and very essential BIIS signature due to
its proximity during glacial times. The structure of
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Fig. 12 The a relative
abundance the planktonic
foraminifera Neogloboquadrina
pachyderma s. within core
MD99-2327 is compared with
the b sedimentation rates
(cm ka1) and c total ﬂuxes
(g cm2 ka1) over the last
glacial period. The six ice-
rafting events are indicated by
the grey-shaded areas
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ice-rafted debris that where observed in typical NE
Atlantic HL by Auﬀret et al. (2002) and Grousset et al.
(2001). These HL contain a central Laurentide-sourced
peak preceded and followed by a European-sourced
event. A comparable threefold structure is recognised in
IRE3, 4 and possibly 5. IRE1 and 2 only have a double
pulsation, which might imply that during the last 25 ka
no Laurentide material reached this site and only the
precursor and after-event were recorded. The mineral-
ogical composition of the ice-rafted debris strongly
suggests a predominantly BIIS source. This might also
be conﬁrmed by the poor MS record, suggesting the
absence of LIS-speciﬁc ferromagnetic minerals.
Based on the tentative age model (Table 1), sedi-
mentation rates and sedimentary ﬂuxes were estimated
(Fig. 12). This allows us to discuss the BIIS variability in
the Porcupine Seabight compared to the Celtic margin
(Auﬀret et al. 2002). MIS4 contains a relative minimum
of ice-rafted sand (Figs. 6, 9, 10) with moderate to low
ﬂuxes (Fig. 12), suggesting a BIIS in a growing stage
(Auﬀret et al. 2002). High variability ice-rafting starts at
about 62 ka, with the deposition of IRE6. All sub-
sequent inﬂux of terrigenous particles can be attributed
to a probably millennial-scaled destabilisation of the
BIIS (Fig. 12). During MIS3, all IRE (3–6) are suc-
ceeding each other very closely and even continue
smoothly one into the other. The slight increase of the
sedimentation rates and ﬂuxes at about 45 ka (Fig. 12)
illustrates a further expansion of European ice sheets
and subsequent supply of detrital material. A small peak
observed in the total ﬂux values could be related with a
pre-Last Glacial Maximum deglaciation about 25–37 ka
which was observed by Bowen et al. (2002).
With the start ofMIS2, the sedimentation rates start to
increase drastically (Fig. 12). This episode reﬂects a
higher (millennial-scaled?) BIIS destabilisation withmore
ice-rafted debris discharges than from IRE1 and 2 only.
Grousset et al. (2001) already mentioned rapid 1–2 ka
cycles by European ice sheets in order to feed the HL
precursor and after-events. This also underlines again that
BIIS was a long-lived feature that acted as a mobile and
sensitive ice sheet (Bowen et al. 2002). The Irish inland ice
began a rapid advance after 30 ka with amaximum extent
between 24 and 40 ka (Richter et al. 2001). According to
Bowen et al. (2002) the ﬁnal retreat for the BIIS from the
shelf occurred at 25 ka. Two major shelf edge advances
and BIIS collapse were reported from 26 to 18 ka and at
15 ka (Dowling and Coxon 2001; Knutz et al. 2002), ﬁt-
ting the ages of respectively IRE2 and IRE1. Bowen et al.
(2002) and McCabe and Clark (1998) even attributed a
signiﬁcant deglaciation of the southern BIIS at about
17.4 ka, which could very well explain the d18Omeltwater
peaks after IRE2. Both IRE are thus regional events, with
a rather low global signiﬁcance and spreading.
A comparable pattern of sedimentary ﬂuxes has been
recognised in cores located to the south on Goban Spur
and the Celtic margin described by Auﬀret et al. (2002).
The total terrigenous ﬂux is slightly higher compared
with core MD95-2002 on Meriadzek Terrace and
signiﬁcantly higher with core NKS12 on Goban Spur.
This means that the net sedimentary evolution during the
last glacial period along the Irish–Celtic margin has been
relatively similar, albeit containing several important
diﬀerences. First of all, our study site is more proximal in
location to the source area whilst the sites of Auﬀret et al.
(2002) are more remote. The Meriadzek Terrace core
most likely records variations in sediment supply via the
channel river systems coming from a large NW-Euro-
pean drainage area. Secondly, the nature of the IRD also
is diﬀerent. The magnetic signature of our study site is
very weak and does not display distinct HL. On the other
hand, the cores on the Celtic and Armorican margin do
contain a good MS signal (Auﬀret et al. 2002), although
Scourse et al. (2000) recognised a BIIS-sourced HL2
precursor on Goban Spur, which could not be detected
by the MS. Cores located in deeper water depths to the
centre of the basin and within the Magellan mound
province (NW of the study area) do show distinct MS
pulses (Foubert et al., this volume). Because of the
proximal position of core MD99-2327 to the BIIS, it is
plausible to assume only (smaller or less dense?) BIIS
iceberg swarms are passing over this site and LIS icebergs
could not reach so far. The inﬂuence of these European
icebergs seems to be restricted to the nearby basins and
gradually looses its dominance to the LIS icebergs.
Late quaternary variability of the hydrodynamic
environment
Many observations on and around the study area depict
a very active hydrodynamic environment during the
present day (New et al. 2001; Huvenne et al. 2002;
Roberts et al. 2005; White, this volume; Wheeler et al.
2005, this volume). The boxcore sample on the core site
conﬁrms this with the presence of a quartz-rich current-
sorted foraminiferal sand. Such a thin surface veneer
was also observed on the Hebridean shelf within the
Faroe–Shetland channel and was interpreted as a con-
tourite sand sheet (Armishaw et al. 2000; Akhurst et al.
2002). This requires the presence of a relatively strong,
semi-permanent benthic current at intermediate depths
at a velocity of more than 30 cm s1 (Stow et al. 2002).
The measured and inferred bottom-current velocities for
the Belgica mound province have an average of
10–20 cm s1 and can be accelerated up to 100 cm s1
or more near steep slopes or narrow passageways. The
observed sedimentary structures on side-scan sonar
imagery, nearby or away from a mound indeed show
such an association (Fig. 3). The required sediment
supply zone can be variable with upstream erosion,
pirating and winnowing of slope sands (Armishaw et al.
2000). In this case, several sources are probable. First of
all, the Gollum channel system, which is located up-
stream, could be a supply zone of sands during glacial
times. These sands could be remobilised during climatic
optimums through enhanced currents. Of course,
another source can be provided by the BIIS ice-rafted
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sands, which could also be remobilised during periods of
enhanced bottom currents.
Many parameters suggest the entire core consists of
contourite sediments. Unit II meets many of the condi-
tions of the muddy contourite facies as deﬁned by Stow
and Piper (1984), Rebesco and Stow (2001) and Stow
et al. (2002), however combined with a strong glacio-
marine component. First of all, it is a mainly siliciclastic
ﬁne-grained muddy silt. Indications for a mean grain
size are given by Stow and Piper (1984) suggesting
5–40 lm as a range for muddy contourites. Also a sand
percentage of 10–15% is inferred, but in this case, a
signiﬁcant part of the sand content is provenant from
ice-rafting. Only sporadically, primary structures can be
found, but most of the time the core is structureless.
X-ray imagery conﬁrms the extensive bioturbation with
(sulphide) ﬁlaments, planolites and chondrites burrows
(Fig. 8).
The large scatter in the oxygen isotope record could
mean that (some of the) forams were reworked, in par-
ticular in the sandy part. This problem was also recog-
nised by Stow et al. (1986) suggesting that local
reworking by bottom currents makes it diﬃcult to pro-
vide a precise chronostratigraphy. The nature and
characteristics of units I and III are very similar, sug-
gesting they were deposited by the same sedimentary
process. The conditions proposed by Armishaw et al.
(2000) and also observed in the present-day hydrody-
namic environment must thus also have been the same.
Most of these sandy contourites are a mixture of a ter-
rigenous and biogenic content with evidence of abrasion
and fragmental bioclasts (Fauge`res and Stow 1993; Stow
et al. 2002). A very thick bedded, structureless coarse-
grained deposit such as this one is extremely rare in this
kind of environment and can, according to Stow and
Mayall (2000), be classiﬁed as a deep-water massive
sand, which is a good deep-water reservoir facies.
Mostly these are sandy debris ﬂows, although these
sands can originate from various processes. In this case,
many parameters point out that the possibility the sed-
iments of unit III are mass-wasting deposits is rather
small. The seismic proﬁle through the coring site does
not display features characteristic for a large debris ﬂow
or turbidite deposit (Fig. 5). The characteristics of unit
III meet with the general characteristics of deep-water
massive sands, deﬁned by Stow and Johansson (2000).
These sediments are poorly to moderately sorted and
have a high degree of reworking. Examples of sandy
contourites as deep-water massive sands are rare and are
found in morphologically and hydrodynamically special
environments with ﬂuctuating enhanced currents as near
the Gulf of Cadiz and the Sicilian gateway (Stow and
Johansson 2000). In general, the size of a sandy con-
tourite or a deep-water massive sand rarely is bigger
than 1 m. Within this morphologic and sedimentary
context the presence of a 10-m thick sandy contourite is
extremely unique and requires further research.
Although no simple global response from climate on
bottom-current activity can be found, it is very likely
that the switch between the sandy to a muddy con-
touritic environment is coupled with palaeoclimatologic
events. Fauge`res et al. (1993) already linked a glacial
dampened bottom-current regime due to the presence
of sea ice, while climate instability means enhanced
bottom-current activity. Recent observations of
Akhurst et al. (2002) describe the presence of sandy
contourites on the Hebrides slope during as well in-
terglacials as interstadials with enhanced current
activity. They also recognise the presence of bottom-
current action during glacial times, but less intense.
Since the presence of enhanced currents in the Belgica
mound province is highly dependant on the interaction
with the MOW (New et al. 2001; De Mol et al. 2002;
White, this volume), it is plausible that glacial times
seriously weaken the current regime to a muddy con-
tourite sedimentation. The reduced outﬂow of MOW
was then only restricted to the Gulf of Cadiz and did
not penetrate any further in the Atlantic Ocean
(Scho¨nfeld and Zahn 2000) so the conditions to create
enhanced currents were not met. The variability within
the glacial contourite, however, is less clear. Most of
the PCE are coeval with presumed warmer periods
before or after an IRE (Fig. 11). This event is also
coupled to a higher abundance of some benthic fora-
miniferal species like U. mediterranea. Within the core,
the abundance of this species reaches a maximum
during MIS5 and within unit I. Scho¨nfeld (2002) and
Scho¨nfeld and Zahn (2000) classify these species under
the epibenthic group, which is largely dependant of
fast-ﬂowing water within a core of MOW. During a
climatic warmer period (interstadial), the sea level
could be more elevated, especially after a pan-Atlantic
IRE. This could very well encourage an enhanced
MOW production which also could reach further into
the Atlantic Ocean and create weak pulses of enhanced
currents within the Porcupine Seabight.
Consequences for regional sedimentary history
The sedimentological study of this site conﬁrms that
the sediment body located in between the mounds and
the steep ﬂank of seismic unit U2 is a conﬁned drift.
Moreover, the studied sedimentary facies is inﬂuenced
by ﬂuctuating current intensities and thus a contourite
drift at mid-water range (Stow et al. 2002). The
sediment body meets many similarities with well-known
contourite drift systems such as a downcurrent
elongation, sub-RD and sub-parallel moderate to low-
amplitude reﬂectors with gradual change between
seismic facies (Fauge`res et al. 1999; Rebesco and Stow
2001; Stow et al. 2002). Compared with other known
contourite drifts, the conﬁned drift in the Porcupine
Seabight is one of the smaller types (30–40 km2). The
few other examples of this type of drift are known
within small basins (Stow et al. 2002), but still are
much larger. The best comparison can be made with
the Sumba drift; a smooth asymmetric mound with
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boundary channels and sandy contourites (15 km
elongation) (Reed et al. 1987). Due to lateral velocity
gradients within the Sumba drift, muddy contourites
were deposited on the central part and sandy contou-
rites in boundary channels. However, the Sumba con-
ﬁned drift is 15 km wide, while our equivalent only is
4 km wide. It could thus very well be possible that
lateral facies changes are less pronounced in our small
mounded drift and such changes can only be observed
in depth (or time). The nature of the bathymetric
restrictions that are responsible for the acceleration of
deep currents, however are of a completely diﬀerent
nature. Whereas within the Sumba drift and other
conﬁned drifts a more tectonically controlled back-
ground is present, the interaction between water-mass
mixing and bathymetric interaction is steered in this
case by a combination of a turbulent sedimentary his-
tory with several erosion episodes and current-con-
trolled biogenic build-ups. Within such a dynamic and
irregular environment, it is expected that other than
contourites also turbiditic and other mass-wasting
deposits can be inferred. Within the Belgica mound
province, it can be concluded that the presence of this
conﬁned contourite drift is a very local feature, bound
to several geological, climatological, biological and
hydrodynamic variables.
Summary and conclusions
The Belgica mound province, located on the eastern
slope of the Porcupine Seabight can be considered as a
unique environment within the North Atlantic domain
because of two reasons. First of all, its proximity to the
BIIS makes this area the perfect observatory to monitor
its variability and its inﬂuence on the NE Atlantic pal-
aeoceanography. Secondly, within Pleistocene times the
interplay of several environmental factors such mor-
phology, geology, oceanography and hydrodynamics
have been responsible for (1) the settling of cold-water
coral banks and (2) a variety of special deep-sea sedi-
mentary processes. As many other papers presented in
this volume, this study also illustrates the close interac-
tion between these two factors.
The palaeoceanographic record of core MD99-2327
has been largely inﬂuenced by the nearby presence of the
BIIS. Six IRE were described and can be compared with
the North Atlantic Heinrich Events. However, these re-
gional events carry a very strong BIIS signature and only
a limited inﬂuence of Laurentide icebergs was found.
Most of these IRE have been deposited during a two- or
three-phase pulses, suggesting millennial-scaled BIIS
variability. The abundance of the ice-rafted debris shows
a massive BIIS disintegration from 25 ka. A comparison
with cores on the Celtic margin and in the northern part
of the Porcupine Seabight shows a decreasing impor-
tance of the BIIS-derived ice-rafted grains and an in-
crease of LIS-derived grains when moving towards more
distal position from the Irish mainland.
On top of the inﬂux of ice-rafting material, our data
also shows a very important record of a variable lateral
sedimentary inﬂux, as well in time as well as in vigour.
The studied sedimentary section was located on the
eastern ﬂank of a small conﬁned contourite drift. The
occurrence and morphology of this drift has been
inﬂuenced by the special regional setting, more in par-
ticular the presence of coral banks and the underlying
palaeotopography. Core data and side-scan sonar
imagery proves the presence of a sandy contourite sheet
with sand waves. This Holocene sandy contourite sheet
shares many characteristics with the interglacial part of
the core, located between 1,500 and 2,625 cm. During
this period, we can infer a similar environmental situa-
tion as the one of the present day. This sandy contourite
can also be considered as one of the largest known deep-
water massive sands.
During the transition from MIS5 to MIS4, the
accumulating ice volumes of the pan-Atlantic ice sheets
were responsible for a global sea-level drop and the
distribution of the MOW in the Eastern Atlantic was
seriously hampered. Since the presence of the MOW was
vital to the vigorous hydrodynamic environment in the
Belgica mound province, the activity of the glacial
bottom currents was reduced. However, evidence of
current reactivation, coupled with warmer periods and
the increase of epibenthic foraminifers, suggests enough
MOW sporadically entered the Porcupine Seabight in
order to shortly enhance the bottom-current production.
This glacial part of the core is a typical muddy con-
tourite with a signiﬁcant glacio-marine contribution.
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